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NOVELTY - A projection (llA) formed on a substrate (11), has a side 
surface for forming a gate electrode (14) with a gate insulating film 
(13) . A device isolation insulating film (12) is formed on opposite 
sides of the projection. An impurity region (17) is formed in the 
substrate below the device isolation insulating film and the 
projection. 

USE - Semiconductor device such as MISFET, MOSFET for use in 
double-gate FET mode, backgate FET mode. 

ADVANTAGE - Reduces the magnitude of electric field produced by 
impurities and increases the carrier mobility by setting low doping 
concentration of the projection and thus provides higher current 
drivability with same operating voltage and gate width. Prevents the 
occurrence of punch-through and improves device isolation 
characteristic by the provision of doped impurities. Reduces substrate 
floating effect and performs control of threshold voltage by applying 
bias to the substrate connected electrically with the channel. 

DESCRIPTION OF DRAWING (S) - The figure shows a perspective view of 
the semiconductor device. 
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Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device that can be operated as a 
fully depleted element, corresponding to the scale down of the gate length and can reduce 
the heat built-up or substrate floating effect caused by Joule's heat. 

SOLUTION: This semiconductor device has a substrate projection section 1 1 A formed on a 
p-type semiconductor substrate 1 1 and having a p-type semiconductor layer, a gate 
electrode 14 formed on the semiconductor layer of the projecting section 1 1 A via a gate 
insulating fihn 13, and second conductivity source regions 15 and drain regions 16 formed 
in the semiconductor layer of the projecting section 1 1 A, so as to sandwich the gate 
electrode 14. This semiconductor device also has element isolation insulating fihns 12, 
formed on both sides of the projecting section 1 1 A on the surface of the substrate 1 1 and 
first conductivity impurity regions 17 formed in the substrate 1 1 under the element isolation 
insulating fihns 12 and projecting section 1 1 A. 
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egpi 1 A®^{^^f*JlrtK:J^^snA:m2®^M©y- 
*»t?¥is««ffi 1 1 ±«:0fis$ n/c3R^^iiiteiSyg i 

2 i . Ig^^^J-gt^lS 1 2 RC/S^^SP 1 1 AT©* 

m^mmi irt«:fl5fiKs*ifc»i^mi!©^«^ig«i 
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1 

1 m^om 1 ^!^^l^<b . 

l^Fia5^g|5©^^>^c< i^»ffiijM±{ci7'- n6igJM=&/M^T 

JBfiS3n/cil2 *«si©y-;^^i^iy: f u >mm 
t. 

mi. mzm^^mmmt. 

mMZm 1 ^^gliteJ^KT©B5iB^«:S«F*3«cj^^S 
titcm 1 %f^©^ 1 :T^i^»i^<!: . 
mam 2 «^»&^0T©Htl iB*^ft«fiF«9{CJi5fi!Q s 
tlfcH 1 mm^<om 2 <!: , 

mam i . m2 5RqF^!iiffiiSj@!<Di!»s: < t *>c»-rti*»K: 

mwm<i: K> ^!^iss*i«t,»^ 1 m^m<Dm3^mim 

^ 2 (ciais©^|i«^gg, 
in^4) B!ifey-hmffi*s-e©ffliJH±ccjg^3n 
■ci>i^si5©^i'*jusiifi:i^-r€>:;^©ss». fr 
f a V - mimof k u >M^3!»i0^ s ti mn^sa 
©Uia?^ + * JUS i it3^-r -5:;^isi©s 3 <fc 0 ^t, > c <t * 
1 s/t«if*]l2K:ta*g©^^ft» 

s. 

Cfs^i?^ 5 ] mi mmm<o^mt^mm±icmm^ti. 
m 1 mmm<Dmmi^mimri>^mt. 
i?ia^SIJ©ffliJM±«:y- 

B5ia^a5©±E±ec}gfiK$n. Hiiia5^si5©±:;^r«:}i 



C2) «Fra2 0 02-l 1096 3 

2 

ttriay- h ms«:t(5tf i ^ fcBfrias^spo^ii^^^f^fc 

SI. m2^-?^SI|S«t)«i. 

ntcm 1 ®mM©ii 1 :m^mmt . 
10 frian 2 ^^^fi^^©Htria^ft»tRF«3K:jg^ 3 

m 1 «mM©¥^f*®4Wrs§Sias|5i. 

Msa^gp©— :^©roB±«:y- i-mmi:fthxmm 
$n/cmi©y-hss<k, 
frie3^g|5©mria-:i?©w®«c>[trsj-r •2.f&:^<Dfflijffi± 
{c, ^-hmmm^:ftvxmMEmi<Di>'~\'W&iimm 

20 Mtam 1.^2 ©y- hmffi^j^t? j; ^{CBuiag^as© 

*^ft®F«3«:j^^3n/c||23SmM©V-y^^i^a' F 

mi. m2f^^^mimmt. 

WSiZm 1 ^^8iiffti^)gT©iriB^ftltSl*j{cjgfiSE$ 

ntcm I m^<Dm 1 ^r^j^^iM^t. 
«rf a» 2 ^^g|i^^©H?iaij£^»^»Srt fc?^^ s 
tifc» 1 mmiom 2 :m^mmt . 
^:B=«-r act i r a^i^^f4c$ia. 
30 [»*^7] miimi<o-y~\-^i:mmm2(oif~ 

c W5jc^ 8 ] »f 1 'm^(D^^mi^mm±t,cmjSL s ti . 
II 1 mmm<om 1 ^^s^mj^. s 2 ^^©n 2 ^igi 
i^u^m 1 ^ms©ii 3 :F*e!gj«is*j c o^mxmm 

85ia3^ai5©^i>%< t t>ffllJffi±«:y- hiteiSilitr/M^-c 

mfiey- FSS^tttf J:5K:friaf^g|J©ll3:i^M!B5tl 
40 l^rt«:jgt!£3n/!:»2^SM©V-X«^af FU-f> 

SK m2«^^g|iteM^)g<!:. 

Buies 1 m^mim^<omii^»m^(>iK.fim^ 
Hfcm 1 ^«M©ii 4 i . 

B>iiaS2 ^^Siffiig^®T©Bfifa*^ftSSf«3{C^^$ 

n/c» 1 ^^©3! 5 ^mus i . 

Cfg*® 9 ] mitey- h m*i-e©ffliffi±«:jfjfix 2 n 
so ■c^»a^aJ©5^1':^;^Sifi3^^a5^l6l©g^tt. m 



11] n 1 mmm(D^m»m^±icm0s,^ 

i« 

mi. mE^^^iite^igi. 
tifcm 1 1 ^mm^ t . 
nfciii*ms©ii2 

^J-Sl^KJiccM^ r^a^bs nr i> s c i -r 
[ n^m 1 2 ] «tfsa» 1 ^igjMJs 2 

roiia??|agi5T©Bufa*^<*««rt-cSi^0-ci>SC 

1 3 ] mn&m i. m^^mmMmoy^j^tj: 

1 . »2 :?;*fiig»^iS©^)fe < i ^3 i,>-rtx*:>K:SMSn/c 
6. 1 1 ©l»-r4a*U o«:fat?©4^«f*S|g, 

t^i© X f ;5f + + i . ffriex f 3? =t= ^U^ji 

Batay- h SS?:S^t? J; ^ {cfriax b- rSf + -p ;Uifs^ft: 
0. 

fifiay- hms*i-e-©fiiM±«:0fig$nrti5xf^+ 
(^IS©i¥im!^j:i$^^] 

cooo n 



(3) i^2 0 0 2- 1 1 096 3 

4 

i^{C 3 yt7cf83i©M I SMmi^jam h 7 d»{C 

Mrs ©-0*5. 

CO 0 0 2 ] 

(OTMi sFETiia-T) ©— a-c. so 

iria^t^Mi^©±SRD:ffliJffi4 9^ + i 
f 4. double qat^ Fully Depleted-SO I MOS F 
10 ET*5ffiSgStl-Cti5 (D.HisamotD et a1.:IEDM 1998 
P.1032, X.Huanq et al.rlECM 1999 P.67. 
473^^^,!^T2-2768719^^3jffi) . 

[000 3 ] BuiaMo s F E T«. ^i,>^mm:fj'^^ 

( 0 0 0 4 ] H 1 3 ( a ) -0 1 3 ( c ) «, tJ^L/fc 

fie*®iriaMo s f e Tw^^^fen^r u r f- asof 

Brffi0-C*4. ^P^^^SKl 0 1±CCW. Itei^l 0 2 
20 mm^H. $€.CCC©Mi^l 0 2±{C»ixy3>f 
i nJil 0 3*s?i5fiK3nr(,iS. i^yn^f i nill 0 
3±{CW. ^Ml 0 4%:^L-Cy-;^1 0 5. 

[0 00 5] $6«c. v-Xl OSSCXFU-Ol 0 6 

±k:«. y-;^ I 0 5So*Ku-f >i 0 6 iy- 

1 0 7 <!:*^-rSfc«)©iffiiHtK l 0 8*S0fiR3nrt> 

-5.. S/t. y-:^ 1 0 Si KU-Ol oePdlC^F'jcDffliJ 

ffi{c«. y-;^ 1 0 ssD^'Ku-z^i 06 iy- 
1 0 7 i*i^-r«yt»©iffiigfeii 1 0 9*s}g^3nrc» 
30 s. $6frc. ctx^i^i^Mi 0 9©ra{c». y-h«® 
1 0 7*i0^3nt:t,».5. 

[0 00 6] L7J»U. C©3R^-©|^«:«. iif«)5rSO 

§6«:. S o I ««©o'iH«:|as-rsM®tt©^jfc 

[0 00 7] $/c. 013 (a) -013 (c) (CtkL- 
/cS O I ^3t*WrS*^^tPI^Aj:S6ft?:tf -Sm^^tt. 
3l^©^^•;^i'S«^fflt,>r^>}g^srlrs. f^}V{;WSi^ 
40 fflt,ifc^^». ^^^M^i^'dr.SSSS^gp^SrWL.. C© 

«^^«s^©TgI54S^R^!3^c^^t■r icc cfc -^r*! u 

(0 0 0 8 ] S 1 Aktm^\^ftm^<r>J^)\'i>ms.^m^^ 

tcm^<om^vs> 0 . 1 5 «B?rias^©K®s-c* 

■5. 1 1 1 ±CC«, 0 1 4SC;f® 1 5 (Cni-r 

J:-5(c. ^^1 1 2*iff^(!Ssnri>s, c©^iSjgi 
1 2±{c«. y-x 113. KU-f > 1 1 4*iJfM$ 
tl. y->^ 1 1 3 i K U-f > 1 14 <!:©Fa©*^f*)l 1 

io±«:«. y-nffi«igi 1 5«:/)-o-cy-h®gi 
50 1 6*ifi»3^-rsj:!>«:}i5fiRsnr(,>s. 



[0 00 9] mi ARz/mi sic^K-r^ 

CO 0 1 0 ] m^Lfc2r><D^^U:^m.-ir:s>ifi^ 
SO I«ji?r®-3TL*^<!:. U n >Jl05TglJ{C?¥?5E 

i2H0fc^l^.*sSiC or (self-heating) . Klx-fi/S 

6©^^», Ls I ^ci'^©Wfli(cssM^Tie:.-rLfet4te 

(00 11] S/c. SOI^-?--e». i^{Cn9^f^;KD 

[0 0 12] */c, >'N-;ud'«««:fflt,^-r, i^^(c3;^C7c 

1«Ji«:J*fc-t±/cM I S F E T <fc Or». *B#f|=»5844 
27S^{CiE|g3n/cM I S F ETtSI*^. C<DM I S F 
ETtt> ''^•Jt/4'a««:3^t^KJ!)nXOr««?^aJ (pr 
Qiection shape) ^J&lS,l>. C<DWS^&^tX.m^ljtc 

C 0 0 1 3 ] 0 1 QSlXm 1 7 ». IJIBM I S F E T© 

[0 0 1 4] 01 Sfc^i^-r-Jr^K:. 4ia»f*Sgl 2 1± 
{c«3^t^«i^ 1 2 1 A*5jg^$nt:*jO . c:©§^ti^ 
M*s 1 2 1 A±{c«y- vmmm 1 2 2*ijf5^3n-co» 
m^iikmm, 1 2 1 A©Mfflij«:{*^js 1 z^tmrn 

snrfc-fj, c<d;^M1 2 3±Ktt-7>^>?«l 2 4*5 

[00 15] BufEMI SFET-C». V-X • FU-f> 

ftttJt® CD^C » i C ^ -rH^-r ^ > 9^ X ;U - *Ei5±-r S 

1 2 1 A<OiSgB{CiiitSa[cr)^«J^^ 1 2 5 

[00 16] setc. 01 7{cs^-rJ;^{c. mifEg^tJC 
M^l 2 1 A®±MRC«IMCCfl5ES3n«V->^ • HU 
-<>^!g5E:»Ml 2 6©ai§?:S<J^^S-rSC<!:{Cj: 
•3. ±.mtmmtifi^in^in{itA,^mHyfcM I SF 
E T i ursiif'Pf s c i t,-Ci,^S. 
[00 1 7] BulBMI SFETr». SOI«jSf«& 
< . 1 2 1 A iTg|5©4^ftS« 1 2 1 d*i 

^ (self-heating) ■^•Stgf^iSBaigttfiilSShSil,* 

[00 1 8 J 



(4) #^2 0 0 2-1 1 0 963 

6 

WK:0 1 6SDf0 1 7 ic^-TJ: 5 i5:«jg4^il-r'5C i 
[0019] ^crc©^Bj{3:. inB^M{cffii!frj5c$ 

10 :^S2^b^^-ibri6f'PSifSCid«-C#. S^^-^UJ^ 

Sr««-r -5 C <!: ^-aWifS, 
[002 0] 

[Sffi«:^*iit-€>fc*©^S] mifaae«34^fi£-rs/c» 

J: 5 Vim1S^m>^^Wm\^K.miSi.^intdmz 
20 *iiS!©v-xMi^Siy:Ku-f >^^i, mries^gp^ 
i«itf J: ^ «:OTiai|£5gf*»<gJi{cjg^3 n/c0 1 . » 2 
^itite^Mi. BSrfBmiiR^!ffitei»KT©|frfB*^ 

wwmHicfijs.-^tifc'm 1 ^mM©m i ^i^igsMJiSi , 
mum 2 ^^^gii^j0iT©mria*^i*s«F«3K:j^fiK s 
ti/c» 1 ai^©i? 2 t^mv. «5ia^ 1 

^!^SR^<tl^2^iW1^6|i^{t, B«fS3^S|JT©B«ia^ 
[0 02 1 ] */c. c:©^q§K:0^si|2©4^^^^s 

«. m 1 ar^©¥*<*»«LhecjfjjiR m 1 mmm 

30 ©*^ftlS=&Wr^.3^|agt5<!:. fj|a3^^§|5©ii>^c < i 

i . BirfBy- h «S*«t? i ^ «:B!rffi?^^©i|i«ft:S 
rtfCJgfiS s n/c^ 2 ^^© V - XM^O' K U -T 
J^i. mriB^SiJ*»5tfJ;^fCBuia^^«:»feiiK:Ji5fig 

3 nfcn 1.^2 m^^mmmt. . friai^ i m^m. 
fm.^<Dmm^wmm^vcm^^nfc'm i ^^© 
n 1 ^^mm i . mrian 2 ^i^^^msr© H-ria^ 
^^SffirtKBtiSsnfcm 1 ^m^©^2 ^$6^^^ 
i . mriBig 1 > 0 2 m^^gi^M©iJ><c < i fe i^rn 

40 *>K:^Wi=.n)t?LK:ae6ji$ti. BMia^l. ^2^;^% 

[002 2 ] S/c. C©^Hj(c<^S^3©ifi^f$^g 
«. mi^^©*«ftSfeiiK:}gfi23n. mi«^S 

©ifi^ft®*:&-rs5?@g|ji. S(rta?^si5©fflijH±K:y 

3S©±Bi±«:j^fiK$n. friB5^g|5©±:^{ci^-r-5H? 
fay- h«Si©P5*^^-5mfiey- hJ6aMJ;»3M 

50 fiSP©*3?»®|^CCj^fiRS*i/cm2^?BS©V-;^M^ 



tarn 1 ^^^^ill^«IST©BfflS*^^*a11^F*3«:0)^!^$t^ 

C 0 0 2 3 ] C:CD^?§tC^sm4©i|S^ft^ 

±K:y- hi^)8>Sr/M.rjgfiRSnfc»i coy- f-^ffi 
i. wrfa?5*ia5©B5ia— :^oiij®«:>E=fifi]f •5fi6:^©ffiS 

mbx)^fS.$titcm2(Dy--hmmt[ Miami. m2 

©y- i-mm%ms^ ^ K:MfB3liag|5©^^ftllF«9{Cj^ 
JSStS tl/c^ 2 SS^© y - X^l^Of K U i > 

T©mffi¥««:s«F«3ccji^fiSs nfcn 1 mmmom i ^ 

[0024] ifc. c<omMicm?>m5<D^m»ms. 
iii^^©*^«^s«_hccffjfis$n. mim^m 

©»l^iM©M«. II2^SM©I^2^^M1^. 

m 1 m^mom 3 :^*€i^^«?5{i* c omvmm s n-c s 

fnay- h «s%Mtf j: ^ {CBiiK?^i»©m a ^*B!^« 
w icjfm intern 2 ^^m© v - x k u -<> 

Ml^i. iiia3^gp«rS>5t*j:5{cmiai|i«»»«±{cjg 

fissnfc^i. ^23g^F^i{^ei^|gi«!:. buib^i^^ 
ii^MT©B?ia^®ftS«rt«:0fiS5 nfciiF i ismM 

©H 4 ^$6#j^^ i , Bijial^ 2 *^^g|^i^)ST©B^r IB 
nfc^ 1 ^^©M 5 ^^M^ 

CO 0 2 5 ] */t. C©^BJK«^ei|6©4i^t*^ 
». ISl^^©*j»^«±(cffJ^S3n. l^mM© 

^^ftJS^wri^SBi. Btfga5^a©±ffiso'ffli® 
iay- J: ^«:B5iB?^a5©*#ttJlF<i«:jf^ 

figs tifcn 2 si«s!© y - :^mm&zf k u . 

m2ST^iM6«^i. MIBH 1 ^^^iltm^M 

T<omfimmwmm\HK.mmstitcm i «ms©ii i ^ 

H^mmt. msim 2 ^-?-^il^«^©B?fB^^0:« 

«(*3«:ff5fis$*ifcm 1 m^m(om2^mtmmt'tM:m 
luiay- h^s©±a«. B«tEs^3i5±*^6BuiB0 

(0 0 2 6 ) */c. c<o^im%^^i (O^MWi^ 



C5) if#Bg 2 0 0 2 - 1 1 0 9 6 3 
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SW6nfcmg|5rt©Biffa*^«:««*S/- Fi u-c. 
HiriBI3PS|5Si>'iii6,^M±KB^S nfe??@t^©x fi? 

BiiiBxfii + ->i.;l/i|i«^^Ji©^):c 

iriay- f-S@?:gS5t?J;^K:t^iBJ^f5J+V-t. 

<!:=&*{il^. IfriBy- hSffi3W-€-©fll!M±fCj^fig$nr 

t, ^ S X f i. ;l/i(i^^)l© 5^ 4^ ;US i jgjg-r S 5? 

10 r^©s$«. ftrtay-;^M^i>*KH'>«ii?Asjf5fi£3 

*lSB5fBx f$ + Jl'¥^»Jl©mrfB5^ 1- ^JbSiit 
[0027] 

[^B^©SIJS©J^S§] fe(T, ia®4#Ml/r. c©^§g 
©lli6©JgS8©iNI«:Sga<J:l/r 3^X7C«®©M I 
mnf^h^>i>::^it (MISFET) (COl^TlttWt- 

s. 

[0028] cm 1 ©|lifi©J15S8] B 1 C©BW© 

m 1 ©«is©ji5SS©^«ftSig©«»ds%^^miaT* 

20 6, 

[0 02 9] HKC^-Ti^fc. pSi'';=i>^^f*a 

«ii{cw. c©«S*s3?*aKK:»iD:$tir&5S«?^ 
mm-ci) 0 . c cDS«i^giJ 1 1 A©MWJ©*«f*s« 

1 1 »5g^»l««iS-C*5. C©5R^^ill«i^i|iiS«: 
SSI 1±JC«. iR^^iSiffii^M 1 2*sj^^3nTC» 

CC-C«. m«BUfa»fi?3^gi5 1 1A©J?$ (9=- 
i'*iUSiaSJ-r-5*|qI©lfS«:tB^) «0. 1 ymS 
aJi(T-e*f). Sfi!3^|ag|Ji 1A©SS1 l*^e>©*3 
30 »0. 5/iim~l. 0 Mm^JSaTrfeS, jS*>\ C© 
ia$«:-3t,»r». 1. Oym®a[felT«C|®Stol:frtt^j: 
<, ^B»l59«iK:nltg-c*ti«cnjy±©iS§T*o-c 

[0 030] 3 etc. Sg^ieas 1 1 A©MffliMRO'± 

[0 03 1] mm^mm f A¥S^lSMF=m6^s 
40 1 3 ±©-giJ«:tty- h s@ 1 4 n. ffriBigT 
^m^rni 2±©— g|j{c«>y- h««si 4*i}Bflcsn 
■ctr»^. s^^eui 1 A©0ffi±©^friii©i5niiM 

l^«C{J. ^^©^^Mijl?©^^^ (nS?) «:fc-t>y- 

«. y- 1 4(DBfS.'i^iic, c©y- 
>?rvx5'<i:ixree^w«:?ft>n. y-hm@i4 

T*l^<S^^ai lA©MffllMF«5K:. -f:t>ttA«: 
(P) $>i>^Ht}im (As) Ai^A$n.5. 
SO [0032] ftfc. C Cr«. ««3l*agB i i A©Mffl!J 



9 

BDrt©*«c. y -xttms 1 5 Rcx F I'-r >m5im i e 
ichv ~:^mi.m 1 5 scf K u >ffifyi i 6 i^fs. 

I/. C©±Mrt®Jtt5(g 1 5 . 1 6CCriB®@<!;©3> 
iff h*lK4J:^>{cor*>J:t,>. 
[0033 ] S BfrfB^^^JSSffii^lg 1 2 

^fSffiitsis 1 2 T©¥^t*sfii 1 1 rtcc -r :f >aA{c 

J: 0 J^fiRS nfc^!B5^ig5 1 7 it. S«3^@g|J 1 1 AT 
( 0 0 3 4 ) Sfc, Wfa«^il^»M 1 2 {CK. 

1 1 t^imm mma-r) t<o'^t^mm=S:mi> 

h 1 8 CDJf$^t?», n > h 5&5^T^i|i^(*S« 1 
1 Ji®K:»iri5:^i^^l^ 1 7 *i0fi£S*xri,>.5/cJ<>. 

A4?f^C<!:^j:<. 3>5? 5' H 8 1 1 i 

CDIffl-C^-S 5'i'3>5ri' h*J?SP,n5. 

[ 0 0 3 5 ] B 1 iCTtk-rc oym&<mm<Dmmt^i^ 
«. B!r^L//c8e3fewi©s o I m^^mt^^tcM i s f e t 

tmmom^^. -'^V^i'SS*«l^/cM I S F E T{cr 
*tiJ>i!<!:-r.S/ci6. M I S F E T©r£tt^^ (^-f^^Jl 

[00 36] sfc. c©^^t^sist?». m^tm^<o 

Sffil4iTg|J»«l 1 <!:©ai?c.5S|5:^«:*st^r. 
^St^C^M I S F E Ti!>mmS%S.ff^-V^iC:i-y 

[0 03 7] L/fc*ior> ccr«y- h^ffii 4iLT 

^^i^ttm^^mmom^iHK. , ^^-^ ;ucti©=^= + >; 

Ttmiomms. (pS) ©^!^*K-e>yur. 

7%fl5^0-Ct,>.5, ^^»it^^© 

\-mmi4rtmm i<t©«Aj:r)8B»r. ^jawtcy- 

hit6^K<!:L.-ce!i<i&«iiS©]K»*/i< ort^-s. cn 

6«: J; 1) . Sg^iJ^^igtC^fiSSnS^M I S F E T 
©L#(,>fillDE*iS*SC<b-C. ^MISFET*sm 
«C;i-:7t»;SS{c^f Sifters, n5'i'^-;u©M 

1 s F ET^BfSrr^m^it. m'T-f^mmmicit^^u > 

(B) ifimXitl. iuaSl/fc^^CC^Fft^Si^l 7 tip 
[0038 ] CCr. ?P.(cS^?^gI51 1A©J13 

(5=- + ;j'v;us<ba3^-rs:frrS]©i¥$) y-h®iEn 
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imic. s^esiJi 1 Atftcj^fiXsnsfcAc^ai© 

©^M^*i^Jl-C?®fc5n.5C<!:{C^cS. CtlJCJ: 
D . C:©jlSg©}^S§©M I S F E T«. ^r^^^bSt© 

{*. S^^SPl 1 Atti©HF^^TSS*s{g<r'J>. 
^SPl 1 A©MfflM©y-hmffil 4(CJ:or9^-i-* 
il'tti©5j<f->>>.t.;UM®**i&$tl-5fci{). fie3fe«jS©¥ 
mmUl SFETitblSOr. S:M(cS5=--f ^^uja^s 

[0 03 9] SO I*^<t|5l^©»f'p*3-»fS 

K{c». Sfl^iiaaji iA©:T:*e«JigS*iS<i93e-C* 
^©•c. iei&8«)K:SS:r;«iB3{cj:-,rjf?fiS§n.SSii::^ 
|6]©mti*iji«©^fflM©M I S F E T J: 0 *>/Jn3 < 

fc:^#<^i:S. Lfc*i-D-C. C©^SS©Jf$!l§© 
MISFETrtl. HJOttf^mEE-C. *iOl?ffi/3:y- h 

20 [0 04 0] tfc. «S3^gPl 1 A©;i$*lSK)S-, 
T < S i . ^-T^glSRl^oa® 1 1 (cSit ^ t >aA 

§n/c^^^*ia^*l^a^^:lst^tu-c. s«@ijesiJi ia© 

mm<D:^imim.mi 7i)mwm^i i a©t© 

1 1 *) . 1 1 ACTSPtcfe^ 

■r. m^^mi iA©TaiJtc*>:^!g!* K-evy-r 

30 ^^©-'05^XJl'-^4R§±-Cfr. */c^T 

*3g^ra*i^-5r:i->-r*©*i»tfSo 

[0 04 1 ] $p>fc«. ^^^{m(Dsoim^twi 
^©iftff4L/^c*i6. 5^ + 4-wua5*nFgp»s 1 1 iiae 

^©{£l,5|fe^M-C;»SII3nrC»Aj:i,>fc&. fiiS^#tt3&J 
i^;=u-;l/J5iitcSHU/c^ (self-heating) 

[0 04 2] [ll2©jlSfi©}^SI] — MfifJK:. SOI» 
«*fl|0>/cM I S F E T©ti^. S«©^ti6!B«SS*T 

40 i. KU'f>»6©^^@©{*iyfrv-;^<b Ku-r> 

[0043] m^OSO I ««*ffll,»A:^^^{bM© 
^BBSfM I S F E T©li^{Ctt. 5^ + *;l'*Ji^^-r<5J^ 

•;3>M©^5:#^^{C»<-r-5C<t{Cj;0. .-N-^^^x 
jU-©^^«rffllx.rCiS, 1/7>>L. y-hS*il00n 
inttT«:& < S <b . mf&i^ 'J 3 >a4>-€-nfei±K:« 

so [0 04 4] cc-C. 0i«:^nO/cJ:^{c. 



C7) 

n 

[0045] CWiS^. aiB^eSPCDMWJfflgPCC^fiE^ 

h ^ *8P^«. s o I ^^■<!:l5Il¥©t&^^%^f 

[0 046] •e©-:&r, S«3^g|5©±fflg|J{cjfJfiS$ 10 
h5>i>J^3f{C*tL/r«. S«3?®g|5©ffliMa5{CffJ 
fiSS nfc F u -f >S5©:T^ig)Jt»B©^*SWr . 9^ 
+ ^ ;l'©— SMi F u ^ >©S^^ $ jJJg? < o r t S 5 
©i. J^Witc s o I ($ffi:^[niK:) ;*:t<m^S 

[0 047 ] -ecSSiLr^ y-X- 
4>fiSc??-rS*i. FUW>ffiiJ©S^®©{*C?*SA*<Aj: 
0. v-;^ • F^-r>H©.'^•>9^;^;^-3&«ec•5■^»■r< 

MmliLh©^^-{C*Jt^r»^#{C^c5, C©fc*, 20 

*;niiaw?:»«?^gi5©ii5$4i«< -r-sc i-ctto-r« 
mj&>it±©SS!ElBft*4lS«&<J: ^ <*:•#••& t . *-r *■r-'^• 
[0048] C <DX!k^. S«©^fJiga:/n 7 r W 
^UiSiS^k-rSCirlite^iLfc©**. SlSfc^f 

se*tait?*So L/*ib%c*ie> c©ti^{c'by- Mtiw 

< i&Si. t-J5:t»-^SSl^gl5©]SS*iig< :rjr^ 
<h. /05^;^-»l'-3{»Jiac»3 7LS«i^«c{c:^*fi!fe*F- 

t> 6 c i «»t L/ < . -y- h ifiw©iiwefjife jjg 

m«>f^>aAe^-c:p«!g}*F-f>i/-ct.5 30 
ais©ffifflt?^* -o-c L.* 

[0 049 ] -ec-C, C©^2©||)^©0,^.-C«> C© 
J: -5 i^dC«^«j*©T-CffiS(Jffl!^cy- F1i«i*J^)S-r.2.iS 
-^{cy-x • Fu-r>S©>'N'>5^x;i'-*Ei5<-fcit>{c« 
S«?^SP©«±M©SP» (iffigP) KM I S F E T© 

S. 

[0050] as?^gn©±MgiJ«:5^ + n 

2 -eB5^ ^;H|3©+ + y T i j2©«mM©^!^t?± 

®i»*K-t>i^bytR S3t?it«^^aj©±Ba5 

R 26{C. E14T«f-FSffi3!»«^«egp©J:EgiJ 
Ucm^inr, itc. 02. @3. Si:/@4«C^nf«ji so 
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[0 05 1 ] jj(T«:. H2. 03. Rc;fH4(c^-rfla|* 

[ 0 0 5 2 ] 0 2 «. 112 ©||Jt©JgS§©*ii^SgS© 

[0 05 3]«t^@giJl 1 A©±Jlg|J^{c{i. 02 (C 
S^-rJ:^{c. :^v;nfi©+-t' uriiM©*^ (p 
M) ©^iNfitlAiF-f>i^$^afc^*$^gg^2 l*ij^^ 

[ 0 0 5 4 ] c©j: 5 rj:mm(D^m{^m&(D^:mi 
«. m^if^xo^'itcn'i, *-r. s^s^sui ia* 

3>sfta*^^ifts«i i±(c-'N-*-^>i/'-rs, c 

(JiiT. R I Eiia-T) ic^'o^mt^mm i^m 
mi iAiifmri>, 

[0055] frfB««§^aj 1 1 A*»^Lfc^. as 
i^^nm^mx-r^. c©i#©B«iaw!^©-r:t>eE 

A«.- tf c ©ias©Jg®© J: ^ (c n 9^ -f :^;^M I S 
FET-C«, JKa> (B) ;£»njim)El 5 k eV. F- 

Xa5 X 1 0 ' ' c m- " ^«±-cfffc>n-5. 
[0056] ^t»r . }»KffcS{c J: 0 . »«5^a5 1 1 
AWPHlWRa^iffitCi^y n>^{b)g*i6^c€.y" 
i»Ml 3?:0^-rS. C©y- Fi^Ml 3±«:. sK'J 

[0 05 7] $e.{C, -5^- h^ffil 4T*^<««??«a 

gpi 1 A©Mffi>JSF«3ic. -f^^axtcjio^^iej 

F u >ffitst® 1 6 ^mfS£,-r?>, 

[ 0 0 5 8 ] 03tt. m2(Dmm<DmB<D^m<Dmm 

[0 05 9] S^^gp 1 1 A©±ffi{C«. msncTn-r 
i^fC. ^«®2 2*SJ^fi£3n-rC»S. C©i|g«feffi2 2 
CC». 1 1 A*m-rSIS{cm(,»/c^^ + 9 

[0 060] friB^fiX4W-r5*^ftsia-c«. 

tagPl 1 A©±S3l5«:*Jl,»-C. 7=-h^l 4<bSffi?? 
1 1 A|ffl©iKiS)S*JJl < ft *) . llfiW©«E«lffl[*3 

[ 0 0 6 1 ] C©J: 5 '5:*Sjt©*^(*Jia©»iS:^ 

tt. mtfi^©j:^{c?f'>, sr. s^^^aii ia* 
e^yn^^^tjg^ifi^ftasi i±K:/<$-::;>i/r 
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[0 062] ggc^r > frie^^M2 2 ^iHj^-tt-r^c, 

(0 06 3] y-h®Sl4T«:l^<a^ie 
«. PiitHJAs) ^mXL. y-:^ffitStJii 5Sc;f lo 

K U ^ >MtSJa 1 6 €rJf$fiSf 

[ 0 0 6 4 ] 04». 112 ©IOfi©J|5ag©ffe©^a09© 
[0065] at^^gp 1 1 A©±M±«:tt, ia4«:7i^ 
{cy-hm@i4A, 1 4B*sjf$^§nri,^.s, -r^cto 

fe. S^S^jagpi 1 A©W<aiffi±{CB. c©Sffi^gi5 
1 1 A=&»5*iit?J:^«:. 2-P©y-hf|@l 4A. 1 

4B*iiaM^e«j{c0fiS3n-c*ii3. cnf>2o©-5''- 
hmsi4A> 1 4 B«5^i'4^;i/Siii:^-r€.i[iE^(c 20 

Bf$n-rt^?>/{:eii). :9-»T5n/c2r?oy- hsffi 1 4 

A> 1 4 Bic-en-en=i>5fi' 

^©fi6©«fisw. mfjs o/tn 1 <o^<Dmmitmwcx:^ 

[0066] c©j: ^ tm^^n-^^^m^mmxiix. 2 

•o©y-m@14A. 1 4B{C|§li;/NVTX*E|llJD-r 
4.y:?'juy- h©FET*-K<!: l.xm^ti>C tifi-C 
^*L/. Sfc2o©y- h^^l 4A> 14B{C^tl'e 

[0 0671 t«l^«> 20©y- f-SSl 4 A. 14B 

-h^l4A, 14B©^%> Iok:?^^^-;!/®]©-^ 

-^i'y-FFET^-KiL.-CfiMI-rtlli. Ott,»ffl« 
E*$lja)-r-5CiAi-C$S, 40 

[00881 04 «:7S-ri|£«ttiia«r4*|g[fB«t,>r . 2 

-:>©y- hm® 1 4 A. \ AB,vzmc'^-irx^tm-r 

■53^:/;uy-h©FET*-K©*T-i. 2-:)©y-h 
mffil4A. 14B©5^. \r>iC9-^r^)\ym<D^'-\- 

[0069] 04«:^n-rt8ji*}#oi|i59^gg©K^^ 
05^«;X©J:^{c?f"5. sr. »fi3?|agpi ia 50 
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( 0 0 7 0 ] strKi/' y 3 ^mmimk^f 
«c. »,®{ba{c±o. as^gpi 1 AOMffllMKix"; 
3>M{tig*^^^csy- hie^ji 1 3 ^jfM^s, c© 

i ^ ^c1«S©»S3l|ag|j 1 1 A±(c> «J< >; a >m=S: 

itao. ''<*-->yL/t:y-h^i4*?efiRfs. 

[0 07 1 1 ^©f^, CMPfCiOS^Sagpi 1 A© 

Ri Etcioicria'K 3 >jii*x-y^>y-r s. s 

6{c. Sg?^gpi 1 A©±M±{c#^E-rSi^«M'&|^ 
Sfi. $e.{c> y-hmei 4T*K^<S^€iagBi 
1 A©M{i!lSrt«:. 'f;j->j£AfcJ:»3:m!^ 
P*Si.»{iAs) ^mxb, v-;^a;t5dli ssa'Fu 
-f^MtScm 6€:BfiK-r-5. >5:*J. C©^^». SOI 

©M I SF ET^Bm-riCti)mf^X3b?>, 

[007 2] cti^m2<Dmm<Dmm<D^mwnm.<,t. 
t,»-rnfc s o I mmi:mt,^tc^±^itM(oM i s f e 

fiS«>B«faii 1 ©iiiscm^iiHiim-c*^,, 

[00 7 31 Sfc. »«3^g|J 1 1 A©±EgP«:5='i. :^ 

<t. SSS|gS&:^J«rSt.5/c&{c»«3^gpi 1 A©ig$ 
(«J:mfil©SS) *1 Mni@KiM±«ci.;rj:l:fn«!&t)fe 
l» o :fc^T©ti-&CC«-en{ii';^#fe y^ -i^i 
!5:€)-r. tsL/5SS6«]«:S«5^g|Jl 1 ACiffigp^Srig 
t>^tt,><!:(,» ^*IE?8©it^3!>^^9=- + ^;U5S!im©ffP$llfCW 
5a)S^©?:!i^!t-r S C <»: 6 S. 
[0074] »«|^lig|J 1 1 A©IIiJffi©i^r h 7 

(10 0) Mr. *>o?^+^ji/:^fc [100] j&isiti 

(00751 tll3©*]fe(0?i5a§] 01 3. 01 4«:^ 
tfcfie*©3;^7C^^©M I S F ET-C{J. %±^it 

ms o I mi-i^r?>tcibic^i'^jv^f^imm<t-r 

SS©y-x • KU'('>a:iJcJi*i£e3feM©^®MMi s 
FET{ctt$g-r5i*^«:W<&s. c©fc«). y->^ 
• KU-f>giJ©tF4fi5i*iiS<^c9. -eciSmiL/rs 

(00761 -€-C-C. C©^3©|ISS©JK!S§-C«. 0 
5. me (a) ~H6 (d) i<C7rs-rJ:^tj:^i'^)l4Mm 

i-e-©agjJififii©*?:»)gfbL. -enfemcv-x • k 



15 

owmm-c$, 0 , me ( b > ictmizmmf^^^mm 

S. 06 (c) «Btrse¥®S«:*jW.5 6C-6Ci||{C?& 
r>tcWm^. 06 (d) «ina¥B0{cfcW56D-6 

(0 0 7 8 ] 05. RUTae (a) ~06 (d) tc^-r 10 

(0 0 7 9 ] s-r, m.^^^mf^mm<D^mmic-^t>^± 
&tm^-ri>:^[ti(om$) o. i5Mm~o. 20 nm 

fiST'S, 20 
(0 080] C C-C. mm 1 l?:50nm~100nm 
igESK^bTSi. l»*D«9>SLOCOS3R^»S!rcm>e> 

IK{ fcMcDffJt^ i ISI^fe /N- - X fcf - © A o fcJ^fC 

3fieicDS£tS;g|5©-apw|S(,»^W«<D»^^g|J3 1 A*5 

nmit $ n)ts^iagi5 3 1 a <D±mRifmmm±ic f 

-h*6igMl 3*fl5fi£-r-5. $P.{C. ¥-V'^Jt>fm 30 

^Lry- Km® 1 4 ^mmr^, 

[0 082] -XliC, miay- hmSJf^fi£fflv;^i7M (ix 

SS) tc :t >aA. 1/ < «gita K - f > i^^Tj: t'4ff -5 
C <!: «: J: fj . ai< A^offifitaii V ~^mm 1 5 SO' K 

^©iiSI*5.i:>g^ilg-^»Se*©5psMM I S F ET© 

U-^ >(elevated source/drain)iSig?:Sfflf itC 
[0 08 3] /ite. C©||Sfe©}f$fi|-C«. Sg3^aJ3 

1 A©^ffl!IEi^©<?»«:. y -;^ffilia i 5 So' K u > so 
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mmi 6*j^fiSLfc*5. i£^ccjc5t;r««^g|J3 1 
A©±nrt {c y - ;^i£ti(Ji 1 5 so F u ^SStJt® i 

6$-J^^L. C©±MF*3©ii;tJ^l 5. 16{cri5SJl 
[0 0 8 4] tlg4©SIJ6©0fil] mrJBO/c J: ^tc. St 

lfjsr«, *^{*ss©»nx. ^(cuyi'^^^^iR 
I E «c<fc s jin:**i^3feft«){c^^(ciiL < s c 1 

[0 08 5] ^C-C. C©||4©JliS©JfJ!Slt?«. ^ffl- 

-1.0 nvamm.) mmv. s o I ig^tpi^j&ttf^* 

?f ^ s^Xtcsm I s F ET^rsisgrSo m4-a:>mm<Dm 
milt. ^>hV>iy^ i'(Dii-'y~^mm^mtLxm 

[0 0 8 6 ] 07». m4©||JiS©J^,^©^i^^^$|g© 
^J?S4lHJ^eO«:^-r^^ta0r*.5, 0713:9^ + ^ 

n-5?^g|5{COl,>rtt. 05. 06-C5^SnS±^K:/? 

( 0 0 8 7 ] ««8^SiJ4 1 A*J^fiR-raBg«:. 

+ f :7'ra<t u-r©i^i^«. M^«-> 3 >Mb^* P 
miy'J=i>^immi ilK^<9~'~>iff^. c© 
-><;n>^{fcS*v;^i'<tu-r. r i eccj:«3*^*s 

«1 l?:^W«tC^9fflL/r. @fS©iti<!:iSS-C3^U 

ifc-<> h i;>->-y i7©b-7-?rffJj3S-r-s. c©f-7-© 
ffl!MSO'±ffi{c. •rtj:t>i=> f7 -©jaa^ixo $ < J: ^ 
{C. aiRxfi»+'>-i';l/(!£Sfcj:») p+Ja4 2. n-S 
4 3. SO'P -H4 4 *JiB{C0fiROr»S3^SP4 1 A 

[0088] S^K. S^m^tCtO. »«3^S|54 1 
A©M{W®SO±ffi(ci' >; =i>Kfl:K*'6.J&-5y- 

mmi 3i:mis.ri>. c©y-h«5^Mi 3±{c. jH'j 
[oo89]08». 114 <Dmm<mm<D^mm(D^m 

«:Slg©^A!S;*a5^S<J«C^-ri4m0-C*.5>. ifete. 08 
«9^i'*;i'gli^?:n^-r«>©xr. y-;^ • KU-f^SStS:® 
*^H5fi£?ns3^a5Koi,>r». 05. 06-cm$n-5 

[0090] sr. S^eSP4 1 B*J^fiS-r5fig{C. 

^f*S^l l±{C/<5r-->4^-rS. C©i^';=i>^{t 
iStrvj^i^tLr. R I E(CJ:»)¥fll»Stgl 1=&S» 
ttKi^OHibr. ^s©UitiS$r3liab/c-/>h y> 
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[009 1 ] -{ty&xic^ 'om'j-^mm.m<o 
mmi itc^F^^ B) *«At, p+MCD^F 

CO 09 2] S^tC, 3iJRxfd?+i/i.Jl'fiXS(C<ti3« 
P+lg4 2±{C, C©p+®4 2€rflX'5 3S< i^tc. n 
-)14 3<tp-e (5^f *;I/J1) 44^^SS-li'5. C 
tltCiD. »S?^a54 1 B40fi£-rS. 10 

[0093] mmutcms ccsK-r*^f*^g-e«. 
^ai^jsoa « 1 1 p + m^^mmm i ? ©j^eR** 

b:<' toi 3 ns/cS). p M^*fit)*ssfl^egiJ4 i a© 

T*-CMtiL/. fco(i:4>F«i(llJ{c*Sfcr-5-®p+ll4 2 

ffi 1 1 © p +mPFmimWi i ? {cm{4?:Enfln-rn«. m 

iS^SiA 1 B©rtg|5©p +B4 2«:fctlffi«rEnttI-rS 
Ci^ipIfigiiiO, C©f'-''«-<;^44JSfr7-^^iLT16 
f¥$tt5C<t*s-C#-5. 20 
[00941 S7 *fc»S8 {C^Kl-|^4©Sli6©0!ffi© 

+S4 2 <!: p -® 4 4 ©^FiWia?(gfit©^€:^fbL-C 
•?>tl«. n-)14 3«:Ji5^3n5^)lt?. 

Bis.-rz p -^4 4 iss 1 1 t^'^Mmic^m-c^ 

6. CilKJcO. so I««4^l,i/cM I SFETi*? 
84 4) ©Jf;?^«r»<-r^C<!:-C. ^^^^{blS^iP 30 

[00951 § ecc, mmmm^A: i a> 4 i e©** 
gp© f 7 - «re;g©* 2 icmisc-c * 5 fc«t> > ffijf'^M^*^ 

s^c<ss?^gi54 1 A> 4 1 B=?:jfm-c ^^^mmm 

«rmt^^Ci*i-C#. 3R-f-f^fiS±©Eite4/M<-rS 

[0 09 6 1 ttc. 07. ia8K:^L./cSI5»«y-he 

T©9' + ^ ;l'gi5©i5f©fc^0t?* 9 , V - X • K U -Y > 
Sp-ClJy-X • KU-/>J2:tS[Jlin-J14 3*iSMLJS 40 

• KU-f>^3*tta5. H6K:7SL'/c4)©ils]il«cjlJR 

KU-f^ (elevated source/drain)«ai. S/cttV— X 

(CCr-«@in-l±-r) . cn6€:ffll.>n«. n-Ji43 
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